Recently, multi m fractal analysis has been evolved as an important way to explain the complexity of financial markets which can hardly be described by linear methods of efficient market theory. In this paper multifractal analysis is performed upon the intradaily and the daily time series of BET index, BET-C index and ten stocks listed on the Bucharest Stock Exchange in order to assess the degree of informational efficiency of the Romanian stock market. The empirical results of the onedimensional backward multifractal detrended moving average MFDMA method confirm the multifractal nature of this emerging market and, implicitly, its predictable pattern. The two measures of the degree of market efficiency proposed by Wang et al. 2010 suggest that this predictability changes for different return frequencies. Moreover, generating shuffled and surrogate time series, we analyze the sources of multifractality, long-range correlations and heavy-tailed distributions, and we find that the multifractal behavior can be mainly attributed to the latter.
Introduction
In the field of finance, the Efficient Market Hypothesis EMH proposed by Fama 1970 has been a long debateable issue. In his pioneering work, Fama describes a weak-form efficient market as the one where the current asset prices impound all of the information that can be derived from their past values, new information being immediately incorporated into the price. This implies that the expected value of log price is the log price in the previous period, and log returns are linear and nonlinear independent with the past values. Therefore, asset prices follow a martingale difference sequence and returns are unpredictable. The EMH also assumes that financial returns are normally distributed, there is a trade-off between risk and returns, and there is a rational and unique way to use available information and all investors possess this knowledge rendering any trading strategy based on past asset prices unprofitable. However, a large number of empirical studies, initiated by Mandelbrot 1963 , have shown that financial markets exhibit some stylized facts, such as volatility clustering, fat tails, long term dependence and multifractality. The concept of fractal and therefore self-similarity was introduced in the field of economics by Mandelbrot in the 1980s to study the economical and financial data from a new perspective. When the market does not keep the self-similarity, it can easily break down Peters, 1994 .
Process t X is consider multifractal if it has stationary increments which scale as
for integer 0 and for all q Calvet and Fisher, 2008. H(q) is called generalized Hurst exponent and its dependence on q separates the processes into categories: monofractal for constant H(q) and multifractal when H(q) is a function of q. The multifractal process is appealing mainly due to its ability to describe the process in more complex way and allow the distributions to follow more complicated functions of rescaling which is closer to the real world observations Cont, 2001 . In particular, it has been shown previously that the presence of multifractality in financial time series excludes the possibility of efficient market. For example,Wang, Liu and Gu 2009 investigated the change of efficiency brought by the price-limited reform in the Shenzhen stock market using multifractal detrended fluctuation analysis. Employing the method of rolling window and a new measure of degree of market efficiency based on property of generalized Hurst exponents, they find that Shenzhen stock market has became more efficient in the long term after the reform. Furthermore, they note that conventional models such as GARCH and EGARCH cannot be suited to forecast the volatility of Shenzhen stock market. The same methodology was employed by Wang et al. 2010 to analyze market efficiency for the Shanghai stock market over time with similar results the volatility series have apparently long-range correlations and multifractality implying the fact of inefficiency and price-limited reform improved the efficiency in the long term, but the influence in the short term was very minor. Zunino et al. 2008 employing a model to test the relationship between the stage of market development and multifractality degree found that an inefficiency ranking can be derived from multifractal analysis using the MFDFA method and a sample of 32 equity index for different countries. An inefficiency ranking considering the multifractality degree as a measure of inefficiency was proposed for Latin American stock markets also by Zunino et al. 2009 . The results revealed a higher degree of multifractality for emerging markets which can be mainly attributed to the broad fat-tail distributions and secondarily to the long-range correlations. Onali and Goddard 2009 used the RRA and MFDFA methods to investigate the fractal properties of the Italian stock market and the evidence was reported of multifractality and the departure from random walk behavior was statistically significant on standard criteria, the observed pattern being attributed mainly to fat-tailed probability distributions of variations, associated with volatility clustering. Stavroyiannis, Makris and Nikolaidis 2010 examined the dynamic properties of the daily returns of the Athens Stock Exchange General Index via WTMM and MFDFA methods. The generalized Hurst exponent, saturating for large moment values, showed a significant multifractality range which is connected to the inefficiency of the market, compared to the matured markets. The efficiency and multifractality of gold markets has drawn the attention of Wang, Wei and Wu 2011. Using the MFDFA they show that the gold return series are multifractal both for time scales smaller than a month, for which the main contribution of multifractality is fat-tail distribution, and for time scales larger than a month, for which both long-range correlations and fat-tail distribution play important roles in the contribution of multifractality. Also, by defining a new inefficiency measure related to the multifractality, they find that the gold market is more efficient during the upward periods than during the downward periods. This paper presents several contributions to the financial literature. In the first place, the literature considering the dynamic properties of the Romanian emerging stock market is scant. In this paper we focus on the investigation of the degree of informational efficiency of the Romanian stock market from a fractal perspective. Secondly, we employ a recent method multifractal detrended moving average MFDMA to test for multifractality and assess the degree of market efficiency both at microeconomic and macroeconomic level. Paul Samuelson 1965 stated that stock market is micro-efficient but at the same time macro-inefficient, implying that the EMH works better for individual stocks than it does for aggregate stock market indices. Furthermore, we show by estimating Hurst exponents that stock and indices returns scale differently for intradaily and daily return frequencies. Intradaily data offer a large sample size that increases statistical confidence and reveal events in the financial market that are impossible to identify with low frequency data. Also, we quantified the sources of multifractality fat-tails variations and long range temporal correlation by generating shuffled and surrogate time series. Finally, following Wang et al. (2010) we built an efficiency ranking using two measures of the degree of market efficiency based on multifractality degree.
Data and methodology

Data
The data set consists of transaction prices at intradaily and daily frequencies for the BET index, BETComposite index and ten large-cap companies listed in the Bucharest Stock Exchange. 
Methodology
The one-dimensional MFDMA Gu and Zhou, 2010 consists of six steps as follows:
,..., 1 ), ( be a time series, where N is the length of the series.
Step 1. Determine the sequence of cumulative sums
Step 2. Calculate the moving average function in the moving window
where n is the window size, x x is the is the largest integer, x x is the smallest integer, and is the position parameter with the value varying between 0 and 1. In this study we consider 0 , therefore the method is called backward MFDMA. Gu and Zhou 2010 found that it has the best performance, which provides the most accurate estimates of the scaling exponents with lowest error bars; also it outperforms the MFDFA.
Step 3. Obtain the residual sequence ) (i by removing the moving average function ) ( i y from ) (i y :
Step 4. Divide the residual series into n N disjoint segments (denoted by ) with the same size n, where
. The root-mean-square function with the segment size n will be
Step 5. The qth-order fluctuation function is generalized to the following form
, where q can take any real value except 0. When 0 q , according to
Step 6. If the time series possesses scaling properties, we can determine the power-law relationship between ) (n F q and n,
where H(q) is the generalized Hurst exponent. The H(q) exponent is related to the multifractal scaling exponent ) (q by
If the multifractal exponent ) (q is a nonlinear function of q, the time series has multifractal nature. Fig. 1 displays the scaling exponents for the original, shuffled and surrogate return series for both intradaily and daily frequencies. The shuffled series are generated by reordering the original series in a way that destroys any temporal correlations in the series, without altering the distribution of the variations, while the surrogate series are generated by randomizing the phase of the discrete Fourier transform of the original series which eliminates heteroscedasticity and fat tails, but preserves the autocorrelation structure of the original series. The shuffle and phase randomization procedures used in this study follow the methods of Norouzzadeh and Rahmani 2006, p. 331. As we can observe, when q varies from -10 to 10, the return series exhibit characteristics that can be interpreted in terms of multifractality, regardless the frequency considered, as the corresponding ) (q curves are nonlinear. It is important to note that this pattern is found in all cases; in Fig. 1 we illustrate only the behaviour of two stocks and of the two indices. Furthermore, the nonlinear properties of the curves of the original, shuffled and surrogate return series are not the same, which implies their different degrees of multifractality strenght. Table 1 shows the multifractality degrees of the original, shuffled and surrogate return series of the sample analyzed. Using the least square fitting method, we obtain from Eq. (1) the slopes H(q) and quantify the multifractality degree by ) ( ) (
Empirical results
. The results imply that the original return series, especially the intradaily return series, have the richest multifractality and implicitly the highest variability of H(q). This behaviour is caused by the fat-tailedness in the distribution rather than the long range temporal correlations since the multifractality degree of the surrogate series weakened more significantly than that of the shuffled series. Wang et al. 2010 showed that the multifractality degree can measure the degree of market efficiency under some certain conditions. It is a known fact that the generalized Hurst exponents for all q an efficient market. Therefore, the degree of market efficiency is measured by the average value of 5 . 0 
(4)
In Table 2 we rank the return series of our sample by considering their multifractality degree calculated as in Eq. (3) and Eq. (4) as a measure of the degree of efficiency. The ranking changes depending primarily on the frequency considered and secondly on the measure used. Therefore, when higher frequency is considered, the Romanian stock market is more macro-efficient, while at lower frequency is more micro-efficient.
The difference may be caused by the stylized factors of intradaily data see, for example, Dacorogna et al., 2001 and/or by the specific features which characterize an emerging market like the Romanian stock market. Overall, the values of DMEE and DME deviate from zero, indicating a low degree of efficiency of the Romanian stock market, especially for high return frequency. 
Conclusions
In this paper we have imposed the one-dimensional backward MFDMA on the intraday and daily return series of BET index, BET-C index and ten stock listed in the Bucharest Stock Exchange in order to investigate the degree of efficiency of the Romanian stock market and the evidence show a low degree of efficiency. When daily frequency is considered the EMH works better for individual stock and when intraday frequency is considered the aggregate indices are found to be less predictable. We also show that the scaling exponents ) (q are nonlinear indicating that the return series exhibit multifractal nature. To obtain the origins of the multifractality we employ the shuffling and phase randomization procedures and we find that the fat-tailedness plays the major role in the sources of multifractality.
Our future work will focus on investigating the evolution of market efficiency estimating the DME and DMEE in a rolling window approach and on analyzing the behaviour of scaling exponents ) (q for different time scales. 
